Objective: A recent analysis of the Australian National Health Survey (2011)(2012) reported that the patterning of overweight and obesity among men, unlike for women, was not associated with neighbourhood socioeconomic disadvantage. The purpose of this study was to examine whether this gender difference in potential neighbourhood 'effects' on adult weight status can be observed in analyses of a different source of data.
INTRODUCTION
Overweight and obesity in Australia and most middle and upper-income countries is potentially the major public health challenge of the 21st century. 1 2 The prevalence of overweight and obesity in Australia has now risen to 62.8% according to the most recent Australian Bureau of Statistics (ABS) national health survey of 2011-2012. 3 Despite the evidence of this epidemic, the Australian government cut funding for chronic disease prevention and the major agency set up to deal with it. 4 The reported rise in overweight and obesity is likely to be driven by an obesogenic environment, combining a relatively sedentary and inactive lifestyle with ongoing passive overconsumption of energy, 5 made easy due to the increasing availability, affordability and effective marketing of processed energy dense foods. 6 Much research has been published on the complex web of social determinants of weight status, including the characteristics of individuals and the places in which they live. [7] [8] [9] Although the social patterning of overweight and obesity does vary geographically, within high-income nations men and women of all age groups are affected, but especially those who live in socioeconomically disadvantaged circumstances. 10 11 There remains some debate as to how much some of these patterns, such as the higher prevalence of overweight and obesity in socioeconomically disadvantaged neighbourhoods, is due to causal pathways or health-selective forces. 12 A recent press release entitled "Health is where your home is" 13 from the ABS reported that the prevalence of objectively-measured overweight and obesity was higher among women living in socioeconomically disadvantaged neighbourhoods. The same was not observed for men. This finding from the Australian National Health Survey (2011-2012) is somewhat controversial as it does not reflect the bulk of previous evidence. [7] [8] [9] The purpose of this study was to attempt to replicate the ABS's finding using the same outcome and exposure measures collected around the same time period as the national health survey 2011-2012, but from an entirely separate source of nationally representative data. We asked the following research question: "To what extent are body mass index (BMI) and the odds of being overweight or obese lower in more affluent neighbourhoods for women, but not men?"
DATA AND METHOD
The 'Household, Income and Labour Dynamics in Australia' (HILDA) survey is a nationally representative sample collecting data on approximately 15 000 individuals each year living in about 7000 households. Detailed information on sampling and other aspects of HILDA are published elsewhere.
14 A cross-sectional sample of 17 476 people aged 18 years or older was selected from the 2012 wave. Self-reported height and weight were used to calculate BMI for each participant. Approximately 2785 were omitted as either insufficient data were available to enable this calculation (n=2730) or their BMI was judged to be unrealistic (n=55). These restrictions left a sample of 14 691 participants for analysis. Three person-level outcomes were considered: 1. A person's BMI in its continuous form; 2. A binary variable denoting whether a person was (1) 'normal weight' or (2) 'overweight' or 'obese'. To facilitate this, the WHO criteria were used to define cut-points for 'normal weight' (BMI 18.5-24.9), 'overweight' (BMI 25-29.9), 'obese' (BMI ≥30) and 'underweight' (BMI <18.5). This binary variable therefore omitted persons considered to be 'underweight' (n=399). 3. A binary variable denoting whether a person was (1) 'normal weight' or 'overweight' or (2) 'obese', derived from the same WHO criteria. This binary variable also omitted persons considered to be 'underweight'. In line with the ABS analyses, the area-level measure of socioeconomic circumstances was taken from the Socio Economic Index For Areas (SEIFA). We opted to use the index of relative disadvantage, which is a composite indicator summarising multiple Census variables which describe socioeconomic circumstances. 15 As the SEIFA index is provided as a rank, we transformed it into quintiles wherein higher strata denote less favourable socioeconomic circumstances.
A range of variables were identified to help address probable sources of confounding based on a synthesis of previous literature. 9 16 17 These included gender, age, demographic and person-level socioeconomic factors. Demographic factors consisted of whether a participant was living on their own or as part of a couple (married or cohabiting), the number of children in the household (0, 1, 2, 3 or more) and if somebody in the household had been pregnant in the past 12 months (not the participant specifically). Socioeconomic confounders included the highest level of education achieved (less than high school, high school to advanced diploma, university or higher), average household gross income (expressed in quintiles) and the percentage of time in the past year spent unemployed.
Since HILDA is a household survey, the rationale for using multilevel models provided in the introduction of this paper was also relevant to this analysis. Accordingly, we fitted multilevel linear regression models to assess the degree of association between BMI and neighbourhood socioeconomic circumstances. Multilevel logistic regression was used to conduct the same analyses for the two binary outcome variables. In all models, participants were fitted at level 1. These participants were nested within households, fitted at level 2. Finally, households were clustered within neighbourhoods (level 3), defined as Census Collection Districts ('CCDs'), which are small areas containing approximately 225 residential dwellings on average.
The first model assessed the degree of association between each outcome and neighbourhood socioeconomic quintiles, adjusted for participants' gender and age (with the latter fitted as both linear and square terms to account for curvilinear associations between weight status and age). To explore the gender differential in each outcome by neighbourhood socioeconomic disadvantage, an interaction term was fitted between each of these variables in model 2. Finally, we examined the robustness of the findings to controls for the personlevel socioeconomic confounders. The 'Variance Partition Coefficient' (VPC) and 'Median OR' (MOR) were used to describe the relative importance of neighbourhoods and households for responses to each of the linear and binary outcomes, respectively. 18 Fully adjusted interaction terms are illustrated using predicted means or probabilities and 95% CIs. All analyses were conducted in MLwIN V.2.30. 19 Ethical approval for the HILDA study was obtained from the Faculty of Business and Economics Human Ethics Advisory Committee at the University of Melbourne. Approval for the use of HILDA data was provided by the Government Department of Social Services.
RESULTS
Descriptive statistics of the study sample are provided according to quintiles of the neighbourhood Open Access socioeconomic circumstances variable (table 1) . In addition, owing to the focus on gender differences, these descriptions are provided for men and women separately. Compared with their peers living in deprived neighbourhoods, mean BMI was 1 kg/m 2 lower among men and 2 kg/m 2 lower among women living in affluent areas, with a clear trend across categories. Similarly, the percentage of overweight or obese, and obesity specifically, was lower in affluent areas for both men and women. The average age for each gender tended to be similar across neighbourhood socioeconomic circumstances. In disadvantaged areas, there was a lower prevalence of couples and university educated participants, lower non-employment and lower household disposable incomes.
An analysis of missing outcome data was conducted using logistic regression. The odds of having a missing weight status were significantly higher among Variance components models were fitted to assess the contributions of each level across all three outcome variables. For BMI, neighbourhoods contributed 4.9% and 20.1% by households. Approximately 3.8% of variation in the prevalence of overweight and obesity was determined by neighbourhood factors compared with 5.7% at the household level. Specifically, for obesity, 6.5% of the variation was reported at the neighbourhood level, whereas 20.8% manifested between households.
The findings from the adjusted models are reported in tables 2-4. The 14 691 participants were nested within Figure 1 Association between weight status and neighbourhood deprivation, by gender ( predicted means and probabilities from three separate fully adjusted multilevel models).
8287 households (mean=1.8, min=1, max=9) and 4670 CCDs (mean=3.1, min=1, max=45) . Approximately 41.1% of households contained just one participant (n=3409), with a further 46.1% (n=3819) of households containing two participants. BMI was lower among younger participants, women and those in more affluent neighbourhoods (table 2, model 1). A significant interaction was observed, with BMI significantly lower among women than men in affluent neighbourhoods, but heavier than men in the more disadvantaged areas (table 2, model 2). Adjusting for confounders did not fully attenuate the interaction between gender and neighbourhood socioeconomic circumstances (table 2, model 3). Similar results were observed for overweight and obesity (table 3) and specifically for obesity (table 4) . Figure 1 illustrates the gender by neighbourhood interaction using predicted means/probabilities. From figure 1A , it is clear that mean BMI is demonstrably lower in more affluent areas not only for women, but also for men. This negative slope is somewhat shallower for men than women when considering the odds of being 'overweight' or 'obese' versus 'normal weight' (figure 1B). In contrast, the odds of being 'obese' versus 'normal weight' or 'overweight' (figure 1C) were lower in neighbourhoods with more favourable socioeconomic circumstances, though with far less of a gender difference.
DISCUSSION
Recent findings from the Australian national health survey 2011-2012 suggest that men living in more affluent neighbourhoods are no less likely to be overweight or obese than their counterparts living in disadvantaged areas. 13 In this study, we found contradictory evidence to the ABS's result. Instead, using a separate source of nationally representative data containing the same measures that were collected within the same time period as the national health survey, we found that men living in more affluent areas had a lower BMI and a lower odds of being overweight or obese than men living in socioeconomically disadvantaged neighbourhoods. Our results, unlike those from the Australian national health survey, tend to fall in line with international evidence. [7] [8] [9] [10] [11] It is difficult to ascertain why the ABS has provided this result without further investigation using the actual data. The same SEIFA relative index of disadvantage was used in both studies, though one point of difference is that our data contained weight status outcomes based on self-reported height and weight, whereas 83% of participants in the Australian Health Survey had objectively measured outcomes. It is not clear, however, whether this would influence men more so than women to explain the difference in results between each study.
It is notable, though, that in both analyses the socioeconomic patterning of overweight and obesity among women was reasonably substantial. Hypotheses with varying plausibility to explain this gendered pattern are not straightforward, but may be related to the level of connectedness to the local environment and to the neighbours who people live nearby. If women are more likely than men to take responsibility for household-related tasks, for example, they may then potentially spend more time in their neighbourhood as a result. 20 21 If more affluent neighbourhoods tend to promote lower BMI, as many, though not all, commentators suggest, 12 then the duration of exposure could play a role in explaining gender differences in the socioeconomic patterning of overweight and obesity. Furthermore, women in some contexts may also tend to be involved more often in activities that take place in the local area, such as schools and community groups. 22 The social networks developed through these activities [23] [24] [25] may act as conduits for the spread of health-relevant behaviours and have an effect on weight status. [26] [27] [28] Causal inferences cannot be drawn as the data analysed are cross-sectional, though future longitudinal research with HILDA is possible due to the repeated follow-up of the same participants over time.
Aside from the main result, it is of additional interest to note how important the household level was for explaining variation in weight status. About 5.6% of the variation in BMI could be attributed to neighbourhood-level factors, whereas around 23% were attributable to the households. This partitioning of variance between people and households is scantily reported in the literature since most studies involve the analysis of surveys in which only one person per household responds. Therefore, this study extends the literature in this regard. It suggests that who we live with is likely to be quite important for determining how healthy we are. As such, the correlates of household-level characteristics and weight status would be important areas for future research.
CONCLUSIONS
In this study, both men and women living in socioeconomically disadvantaged neighbourhoods had higher weight status than their counterparts in more affluent areas. These findings are in line with previous work carried out in other high-income countries, but not the most recent from the Australian national health survey. Reasons for the gender difference in BMI between men and women living in disadvantaged areas require further hypothesis testing, especially with longitudinal data. Finally, more work should be carried out on household-level determinants of overweight and obesity.
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